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PREFACE 


This  study  is  part  of  a  broad  program  of  economic  research  con- 
ducted by  the  U.S.  Department  of  Agriculture  and  directed  toward  in- 
creasing efficiency  in  the  mixed  feed  industry.   Results  of  the 
research  program  should  ultimately  benefit  the  nation's  farmers,  who 
have  an  interest  in  an  efficient  industry  because  they  sell  feed 
ingredients  to  the  industry  and,  in  turn,  buy  the  finished  products. 

The  present  study  is  the  third  phase  of  a  specific  research 
program  for  developing  techniques  for  improved  management  decision- 
making.  The  primary  objective  of  this  phase  was  to  develop  a  com- 
puterized operational  control  system  for  simultaneously  evaluating 
ingredient  procurement  and  production  and  sales  of  feed  to  generate 
optimum  management-decision  guides.   The  two  prior  phases  dealt  with 
the  optimization  of  inventories,  both  ingredient  and  finished  product, 
and  plant  location. 

William  A.  Faught  and  Carl  J.  Vosloh,  Jr.,  made  valuable  contri- 
butions throughout  this  research  program.   The  authors  express  thanks 
and  appreciation  to  the  industry  cooperator  who  provided  the  data 
necessary  to  test  and  evaluate  the  system. 
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SUMMARY 

A  commercial  mixed  feed  firm  tested  the  computerized,  operational 
control  system  (OCS)  developed  in  this  study  and  saved  at  least  84 
cents  per  ton  in  costs  in  comparison  with  the  use  of  its  individual- 
product  formulation  model.   Both  models  use  linear  programming  (LP), 
but  the  OCS  simultaneously  evaluates  procurement,  production,  and 
sales  constraints  in  generating  optimum  product  formulation  plans. 

The  cooperating  firm  implemented  the  model  OCS  in  less  than  2 
years,  and  the  savings  result  is  based  on  a  period  of  full  use  for 
6  months.   Savings  according  to  functional  areas  were  as  follows: 

1.  Reduced  ration  cost  $0.42/ton 

2.  Reduced  labor,  freight, 

and  demurrage  expense 13/ton 

3.  Reduced  distribution  expense 

and  improved  product  pricing.  •  ~  ° / ton 

Total  .$  .84  /ton 

Based  on  these  results,  LP  analysis  —  routinely  accepted  as  impor- 
tant in  generating  optimum  rations  on  an  individual-product  basis  — 
clearly  offers  a  much  greater  benefit  when  employed  in  the  OCS  con- 
cept.  By  evaluating  simultaneously  the  whole  complex  of  alternatives 
and  their  interaction  in  procurement,  multiproduct  formulation,  manu- 
facturing, and  sales,  the  system  generates  optimum  operational  plans 
that  give  management  a  firm  basis  for  decisionmaking. 

In  contrast,  use  of  LP  analysis  for  individual-product  formulation 
has  actually  created  increased  operational  coordination  problems,  es- 
pecially among  the  procurement,  manufacturing,  and  marketing  functions 
of  commercial  mixed-feed  firms.   Coordination  of  these  functions  has 
become  more  critical  to  the  feed  manufacturers  in  recent  years,  for 
there  have  been  drastic  changes  in  feedstuff  price-use  relationships  in 
both  the  short  and  long  run  due  to  the  use  of  linear  programming  to 
produce  least-cost  rations.   The  individual-product  LP  analysis, 
however,  represents  a  gross  oversimplification  of  the  total  feed  manu- 
facturing system  and  thus  can  be  misleading  when  used  as  a  basis  for 
planning  and  controlling  operations. 


lefore  the  model  OCS  was  tested  by  the  cooperating  firm,  the  re- 
searchers tested  it  empirically  to  compare  the  relative  efficiency 
of  the  system  with  an  individual-product  LP  formulation  model.  The 
OCS  generated  rations  cost  an  average  of  79  cents  per  ton  less  than 
those  generated  using  the  comparison  model. 
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PROCUREMENT  PLANNING  FOR  THE  COMMERCIAL  FEED  FIRM 

by 
Thomas  L.  Guthrie  and  James  C.  Snyder  1/ 

INTRODUCTION 

Linear  programming  (LP)  is  being  used  by  most  commercial  feed 
firms  to  formulate  economically  competitive  rations.   The  typical  LP 
analysis  evaluates  only  costs  of  alternative  feedstuffs,  and  rations 
are  generated  one  at  a  time.   Generally,  the  larger  firms  in  the 
industry  have  pioneered  in  the  introduction,  acceptance,  and  routine 
use  of  LP  analysis.   Other  firms  have  lagged  in  direct  relation  to 
their  relative  size. 

The  acceptance  and  routine  use  of  LP  analysis  has  created  for 
many  firms  operational  coordination  problems,  especially  among  the 
procurement,  manufacturing,  and  marketing  functions.   Coordination  of 
these  functions  has  become  more  critical  to  the  feed  manufacturers 
in  recent  years,  for  there  have  been  drastic  changes  in  feedstuff 
price-use  relationships  in  both  the  short  and  long  run  due  to  the  use 
of  linear  programming  to  produce  least-cost  rations. 

This  report  shows  that  LP  analysis  need  not  be  limited  to  the 
formulation  of  rations  on  an  individual  basis,  but  rather  that  it  may 
be  used  to  solve  the  operational  coordination  problems  while  simul- 
taneously providing  information  for  determining  the  most  efficient 
rations  for  all  products.   Discussed  in  detail  is  the  use  of  an  ex- 
panded LP-based  analysis  which  generated  optimum  feedstuff  procurement, 
production,  sales,  labor,  and  equipment  plans  for  future  periods  of 
operation.   This  more  comprehensive  LP  model  can  be  used  effectively  by 
many  firms  in  the  industry,  regardless  of  size,  with  a  minimum  of  or- 
ganizational changes  and  addition  of  personnel.   With  the  use  of  an 
LP-matrix  compaction  technique,  the  cost  of  input  data  preparation  and 
computer  processing  is  modest  both  in  absolute  terms  and  in  comparison 
with  potential  gains. 

P  r ob lem 

To  an  ever  increasing  degree,  top  management  of  commercial  feed 
firms  is  being  pushed  further  away  from  the  actual  job  of  managing  the 
firms.   The  major  forces  have  been  the: 

(1)   Continuing  increase  in  tonnages  produced  per  firm  due  to 
growth  of  the  industry  and  to  continued  mergers  and 
acquisitions  within  the  industry 


1/    Thomas  L.  Guthrie  is  an  assistant  professor  at  Indiana  University, 
Fort  Wayne,  Ind.   When  this  study  was  conducted,  he  was  an  agricul- 
tural economist,  Marketing  Economics  Division,  Economic  Research  Serv- 
ice, stationed  at  Purdue  University.   James  Snyder  is  professor  of 
agricultural  economics,  Purdue  University,  Lafayette,  Ind. 


(2)  Geographical  decentralization  of  operations  via  satellite 
mills  and  district  warehouses 

(3)  Development  of  multiple  product  lines,  resulting  from 
rapidly  expanding  nutritional  knowledge,  and  increasing 
specialization  of  farmers  and  feeders 

(4)  Continual  push  for  a  differentiated  product  brought 
about  by  the  highly  competitive  environment  in  which 
most  feed  firms  find  themselves. 

The  typical  manager  finds  increasingly  that  he  is  being  removed 
from  a  firsthand  and  intimate  knowledge  of  routine  business  operations 
and  therefore  is  remote  from  the  information  needed  to  exert  positive 
influence  over  the  diverse  operations  of  the  firm.   To  overcome  this 
information  deficiency,  he  has  typically  surrounded  himself  with  staff 
personnel  and  added  more  layers  of  management.   This  approach  may  be 
moderately  successful,  but  more  often  than  not,  the  end  result  has 
been  to  remove  top  management  even  further  from  the  operational  prob- 
lems — even  to  the  point  that  they  may  not  hear  about  the  problems 
until  it  is  too  late  to  act. 
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Assuming  the  above  discussion  is  relevant  to  the  typical  use  of  LP 
by  commercial  feed  firms  today,  then  from  the  standpoint  of  top  manage- 
ment, the  procurement,  manufacturing,  and  sales  departments  are  "out 
of  control."   The  primary  objective  of  this  study  was  to  build  and 
test  a  computerized  operational  control  system  (OCS)  for  commercial 
feed  firms  which  will  yield  better  planning  perspectives  and  more 
in  Termed  decisionmaking  by  top  management,  leading  to  a  stronger  profit 
position  for  the  firm  which  incorporates  the  system. 
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History 

Using  the  simplex  method  developed  by  Dantzig  and  Laderman  (3_)  2_/ 
in  1947,  Waugh  (1A)>  in  1951,  made  the  first  practical  application  of 
LP  to  a  feed  formulation  problem  in  his  classic  article  "The  Minimum- 
Cost  Dairy  Feed."   The  implications  have  been  monumental  in  that  some 
form  of  LP  and  related  activity  analysis  technique  is  being  used  by 
practically  all  commercial  feed  firms  to  solve  the  feed  formulation 
problem  and  by  the  agricultural  sector  in  general  to  solve  its  diverse 
blend-type  problems. 


2_/    Underscored  numbers  in  parentheses  refer  to  items  in  Literature  Cited 
at  the  end  of  this  report. 


Waugh  assumed  that  the  supply  of  all  feedstuffs  considered  as  possi- 
bilities for  a  ration  was  perfectly  elastic.   However,  in  practice,  the 
production  of  commercial  feeds  using  optimum-cost  rations  often  requires 
more  of  a  feedstuff  in  some  of  the  rations  of  a  multiproduct  line  than 
is  available  or  can  be  obtained.   The  supply  patterns  for  some  feedstuffs 
are  highly  institutionalized,  so  that  supplies  must  be  contracted  far  in 
advance  of  delivery.   Depending  on  geographical  location  in  relation  to 
the  source  of  certain  feedstuffs,  commercial  feed  manufacturers  receive 
feedstuffs  at  varying  delivery  times  which  influence  available  supply. 
Conversely,  as  a  matter  of  policy,  some  firms  maintain  minimum-market 
positions  in  certain  feedstuffs  regardless  of  whether  the  feedstuffs 
are  required  in  any  optimum-cost  rations. 

Once  this  was  recognized,  it  became  apparent  that  the  use  of  LP  for 
individual  ration  formulation  is  an  incomplete  specification  of  the 
problem  as  far  as  commercial  feed  manufacturers  are  concerned.   Feedstuff 
supply  constraints,  applicable  not  only  to  all  feeds  of  a  line  but  also 
to  all  mills  of  a  manufacturer,  needed  to  be  added  to  Waugh ' s  model  where 
appropriate  (12)  . 

Since  the  realization  of  the  limitations  of  Waugh's  model,  there 
have  been  several  approaches  to  solving  the  problem,  when  optimum-cost 
rations  are  being  used,  of  allocating  a  feedstuff (s)  among  rations  (and 
mills)  when  the  supply  of  feedstuff(s)  is  limited  or  in  excess  of  that 
amount  needed  for  the  manufacturing  period  (_7)  .   One  of  the  first 
approaches  to  solving  this  problem  was  to  arbitrarily  assign  "by  hand'' 
the  amounts  of  each  supply-constrained  feedstuff  to  be  used  in  each 
ration.   Of  course,  the  assignments  were  -judgmental  and  thus  lacked  any 
normative  character. 

Shadow-Price  Adjustment 

Users  of  LP  analysis  quickly  recognized  that  for  an  allocation  of 
a  constrained  feedstuff  among  rations  to  be  optimum,  the  shadow 
price(s)  for  the  associated  row(s)  in  all  rations  must  be  equal.   This 
criterion  is  optimum,  but  the  unnecessarily  restrictive  assumption  is 
made  that  there  is  no  interaction  among  rations;  that  is,  rations  do 
not  change  in  response  to  a  constrained  feedstuff  situation.   Also,  to 
readjust  ''by  hand"  among  all  rations  in  a  commercial  situation  is  for 
all  practical  purposes  ridiculously  difficult  and  expensive. 


Block-Diagonal  Model 

More  recently,  firm  models  have  been  proposed  that  consider  simul- 
taneously not  only  the  optimum-cost  rations  for  all  products  of  a 
manufacturer  given  feedstuff  supply  constraints  but,  also,  other  con- 
straints such  as  production,  labor,  storage,  handling,  and  capital. 3_/ 
In  this  type  of  comprehensive  model,  all  constraints  are  considered  in 
determining  simultaneously  the  optimum-cost  rations  for  the  full  line 
of  products.   In  the  case  of  feedstuffs,  the  truly  optimum  allocation 
among  alternative  uses  is  determined. 

For  most  feed  manufacturing  operations,  the  block-diagonal  model 
contains  a  large  number  of  rows.   Each  product  occupies  a  block  in 

_3/  For  a  detailed  explanation  of  the  handling  of  these  other  types  of 
constraints,  see  Snyder,  Nelson,  and  Guthrie  (1_0)  ,  pp.  115  and  144. 
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Finally,  control  includes  the  appraisal  of  a  system's  performance 
by  those  responsible  for  its  optimum  performance.   True  control  is 
established  only  when  differences  between  planned  and  actual  perform- 
ance are  analyzed  and  when  management  has  established  effective  measures 
to  avoid  suboptimum  performance  in  all  controllable  parts  of  subsystems. 
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the  commercial  feed  firm  in  particular,  specific  objectives  of 
ol  system  would  include  optimum-cost  rations,  minimum  demur- 
low  manufacturing  costs  for  a  given  level  of  production, 
contribute  to  maximum  profit  in  the  short  run.   If  the 
ystem  can  generate  ration  recommendations,  procurement  plans, 

plans  that  are  optimum  from  an  overall  standpoint,  top 
t  can-"- in  traduce  the  plans  with  full  awareness  that  if  each 
xecuted,  maximum  profit  will  be  achieved.   In  addition,  manage- 
compare  actual  results  with  the  plans  and  determine  whether 
cies  were  justified  because  of  exogenous  conditions  which 
fter  the  plans  were  generated  or  whether  corrective  action  is 


Variable  Identification 

plan  f  r om  a 


To  develop  a  plan  from  a  firm's  stated  objective  of  increasing 
profits,  one  must  identify  and  control  the  pertinent  variable(s) 
existing  within  the  system.   As  a  first  approach  to  this  problem, 
Snyder  and  Swackhammer  (1_1_)  separated  controllable  from  uncon  t  r  o  llab  1< 


(shortrun)  variables.   Figure  1  illustrates  a  delineation  of  eight 
controllable  variables  which  are  closely  related  to  profit  performance 
for  the  typical  commercial  feed  manufacturer.   Throughout  the  industry 
there  is  significant  variation  from  figure  1,  depending  on  such 
characteristics  as  firm  size,  product  policy,  and  particular  competi- 
tive atmosphere;  however,  the  list  presented  is  accurate  for  most 
firms  in  the  industry. 
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nd  interactions  of  the  controllable  decision 
(or  stepwise  linear) ,  they  can  be  theoretically 
odel,  and  the  model  can  be  maximized.  In  general, 
les  in  the  commercial  feed  manufacturing  situation 

For  example,  the  combination  of  X   amount  of 
ount  of  feedstuff  B  results  in  X  (a  +  b)/d  amount 
s  some  linear  adjustment  for  shrinkage);   the 
unts  of  labor,  X   amounts  of  plant  facilities, 
king  capital  results  in  X  (c  +  d  +  e)/f  amounts 
f  is  some  linear  production  factor).   An  accepted 
duction  is  curvilinear  as  capacity  is  approached; 

of  the  use  of  an  LP  model  is  not  impaired  if 
can  be  adequately  represented  by  different 
;  that  is,  stepwise  linearity. 


Potential  Nonlinearity  Problem 


Another  variable  which  was  not  considered  is  the  growth  response 
of  animals  to  different  nutrient  levels.   Nutritionists  have  generally 
experienced  curvilinear  response  curves  when  studying  the  effect  of 
feeding  animals  at  varying  nutrient  levels.   They  are  interested  in 
only  one  point  on  the  curve--  the  nutrient  level  that  yields  maximum 
performance.   However,  when  considering  the  animal  rather  than  the 
ration  as  the  end  product,  there  may  be  some  other  level  of  any 
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Figure  1 


particular  nutrient  (or  nutrient  combinations)  which  will  actually 
result  in  greater  total  profit  because  of  the  reduced  cost  of  the 
ration  containing  the  more  economically  desirable  nutrient  levels. 
Presently,  this  is  no  major  problem  in  the  commercial  feed  industry 
because  feed,  not  the  animal  to  which  it  is  fed,  is  considered  as  an 
end  product.   However,  fully  integrated  operations  may  consider  the 
animal  as  an  end  product  and  thus  reap  the  benefits  from  these  econom- 
ically superior  rations.   In  the  foreseeable  future,  the  comparative 
advantage  enjoyed  by  fully  integrated  operations  may  compel  the  com- 
mercial feed  manufacturer  to  invent  new  types  of  sales  contracts  so 
that  both  he  and  his  customer  can  share  in  the  added  profit  from  this 
type  of  feeding  program.   At  that  time,  any  OCS  being  used  would 
have  to  have  major  modifications  to  accommodate  curvilinear  growth 
curves  .  _4/ 

Sy s  t  ems  Design 

Having  stated  the  objective  and  the  opera tionali zed  variables 
which  may  be  used  in  obtaining  it,  the  next  step  is  to  design  the 
system;  that  is,  components  must  be  arranged  in  some  combination  to 
help  meet  the  objective.  One  way  to  design  the  system  is  to  view  the 
typical  feed  firm  operation  as  a  flow  process,  analyzing  each  segment 
and  investigating  the  relationships  and  contributions  of  the  parts  to 
the  whole  (8^)  .  Snyder  et  al.  (10)  have  done  this  on  a  macrobasis  for 
the  feed  industry.   Their  results  are  shown  in  figure  2. 

Sales  forecast.   The  system  flow  begins  wiih  a  forecast  of  pro- 
duct sales.   This  is  the  logical  place  to  start  for  two  reasons: 


(1)  In  the  short  run (uncontrollable  variable) ,  product  demand 
is  given.   Any  imnact  on  sales  resulting  from  special 
promotion,  pricing  change,  or  other  marketing  tactics 
has  little  potential  effect  on  product  demand  because 
sufficient  time  has  not  elapsed  for  the  effect  to  be 
felt  . 

(2)  It  is  assumed  that  the  feed  firm  has  a  policy  of 
attempting  to  complete  all  potential  sales;  therefore, 
in  the  short  run,  all  procurement,  manufacturing,  and 
transportation  efforts  will  be  directed  toward  this 
end 


Marketing  strategy  and  production  scheduling .   The  marketing- 
strategy  and  production-scheduling  subsystems  are  optional  modules  of 
the  complete  OCS  but  will  not  be  a  part  of  the  system  presented  herein 
This  is  not  to  imply  that  marketing  and  production  scheduling  are  not 
important  factors  in  the  operation  of  a  successful  commercial  feed 
firm._5/  In  fact,  the  marketing  function  in  agribusiness  firms  in 


k_l    For  futher  discussion  of  this  issue,  see  Dudley  and  Parks  (4_)  . 

_5/  For  an  excellent  example  of  a  marketing  system  applicable  to  an  OCS 
as  a  subsystem,  see  Funk  (5). 


OPERATIONAL  CONTROL  SYSTEM  COMPONENTS  FOR  A  TYPICAL 

COMMERCIAL  FEED  FIRM 
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Use  of  the  OCS  is  initiated  with  computer  forecasts  of  product 
sales.  These  computer  forecasts  are  reviewed  by  management  prior  to 
their  further  use  in  the  OCS. 


Use  of  the  marketing-strategy  simulator  provides  a  scientific 
method  of  analyzing  the  impact  on  sales  of  special  promotions, 
competitive  pricing,  or  any  other  aspect  of  an  overall  marketing  plan. 


The  production-scheduling  simulator  evaluates  the  feasibility  of 
manufacturing  the  projected  feed  sales.  It  is  also  used  to  schedule  the 
sequence  in  which  feed  products  should  be  manufactured. 


The  inventory-control  simulator  is  used  to  establish  minimum- 
safety  stock  levels  of  feedstuffs  used  in  manufacturing.  This  helps 
avoid  costly  stockouts. 


Data 
Update 


Profit 
Planning 


All  current  cost,  nutritional,  and  other  technical  data  must  be 
updated  to  reflect  current  conditions.  An  effective  data-generation 
system  is  needed  to  ensure  the  timeliness  and  accuracy  of  data 
inputs. 


Given  the  above  data  generation  and  analysis,  the  OCS  is  used 
for  developing  profit-planning  reports. 


Profit 
Control 


For  profit-control  purposes,  the  OCS  is  used  to  generate 
comparisons  of  actual  versus  planned  performance  in  each  planning 
area.  Variance  is  computed  in  terms  of  price,  volume,  and  mix 
components. 


Reprinted  from  (10). 
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general  is  becoming  one  of  the  critical  factors  in  determining  success 
or  failure.   Hastily  planned  and  ill-executed  marketing  programs  put 
a  firm  in  a  weak  competitive  position  in  the  industry.   However,  the 
time  frame  of  reference  for  this  study  is  the  short  run,  and  efforts 
to  change  the  marketing  mix  in  a  major  way  usually  cannot  be  made 
effectively  at  the  last  moment.   At  a  minimum,  several  weeks'  lead 
time  is  required  for  even  short-term  market  planning.   Longer  term 
planning  typically  involves  lead  times  of  several  months  or  years. 
As  for  production  scheduling,  j6/  major  benefits  can  accrue  as  a  result 
of  a  systematic  analysis  of  this  function.   These  benefits  include: 

(1)  Improvement  in  customer  service 

(2)  Reduction  of  labor  cost 


(3) 


Increased  efficiencv  in  machine  utilization 


(4)   A  more  orderly  production  pattern. 

Production  subsystems  of  differing  levels  of  sophistication  may  be 
added  at  any  time  to  the  OCS  in  a  modular  fashion.   If  an  OCS  is  devel- 
oped without  the  production-scheduling  module,  the  only  relevant  ques- 
tion to  be  asked  concerning  production  (from  the  standpoint  of  the 
OCS)  is  whether  manufacturing  can  meet  any  particular  forecasted  sales. 
If  the  answer  is  no,  production  priorities  must  be  ordered  until  pro- 
duction desires  can  be  reconciled  with  capacity  constraints.   These 
capacity  constraints  can  be  expressed  as  constraints  in  the  LP  model, 
so,  to  this  extent,  manufacturing  feasibility  per  s  e  can  be  tested  in 
the  OCS  without  the  use  of  the  production-scheduling  module. 

Inventory  control.   System  optimality  must  be  maintained,  not  only 
within  a  particular  time  period,  but  also  over  successive  periods.   If 
the  time  periods  are  interdependent,  as  they  surely  are  in  the  commer- 
cial feed  industry,  this  interdependence  must  be  accounted  for  in  the 
OCS.   By  use  of  an  inventory-control  subsystem,  this  dynamic  aspect  can 
be  introduced  into  what  otherwise  would  be  a  static  OCS.   Stafford  and 
Snyder  (1_2)  lucidly  summarize  the  problem: 

The  flow  (of  feedstuffs)  is  affected  by  the  solu- 
tion to  static  models  (for  example,  a  LP  model) . 
However,  if  the  solutions  to  the  static  models  are 
to  be  "fully  optimum"  production  plans,  the  models 
must  include  an  evaluation  of  the  effect  of  current 
activities  on  all  future  production  possibilities. 
Since  future  production  possibilities  are  limited 
by  future  flows,  it  follows  that  current  production 
planning  models  must  include  evaluation  of  probable 
future  (feedstuff)  flows.   In  other  words  "fully 
optimum"  solutions  are  affected  by  the  flows  as 
well  as  the  flows  being  affected  by  the  solutions- 

This  two-way  relationship  between  stochastic  flows  and  the  solution  to 
a  static  model  may  be  handled  in  the  OCS  utilizing  an  inventory-policy 
evaluation  subsystem. 


6./  For  a  recent  discussion  of  the  theory  of  production  scheduling,  see 
Conway,  Maxwell,  and  Miller  (2). 


Data  update.   The  data-update  subsystem  performs  a  data  collection 
and  ordering  task  in  preparation  for  making  an  optimum  profit-planning 
calculation.   Output  from  the  subsystems  described  above  plus  uncon- 
trollable-variables data  are  assembled,  sorted,  ordered,  and  prepared 
in  an  input  format  acceptable  to  the  LP  model. 

Profit  planning.   The  profit-planning  subsystem  contained  in  the 
OCS  is  a  mathematical  description  of  the  planning  phase  of  the  control 
system  for  the  commercial  feed  firm.   When  solved,  this  LP  subsystem 
can  be  used  to  generate  optimum  planning  guides  for  the  firm. 

Profit  control.   Finally,  a  profit-control  subsystem  which  utilizes 
a  systematic  cost-accounting  comparison  routine  is  used  to  compare 
actual  versus  planned  performance.   Output  from  this  subsystem  provides 
feedback  to  top  management  who  are  in  a  position  to  analyze  the  varia- 
tions and  determine  corrective  action  where  appropriate. 

System  and  Information  Flow 

It  is  necessary  to  construct  an   information  flow  system  as  a 
portion  of  any  total  system.   When  constructing  it,  the  objective  is  to 
identify  the  vital  decision  areas  within  the  system  and  then  coordinate 
the  flow  of  information  with  them.   The  vital  decision  areas  of  interest 
in  the  OCS  are  procurement,  production,  and  sales.   Figure  3  is  the 
proposed  information  flow  system  for  coordinating  these  activities  in 
a  typical  commercial  feed  firm. 

Production  planning.   Entering  the  system  in  figure  3,  one  notes 
uncontrollable-variable  input  data  consisting  of  daily  sales  orders 
[1],  feedstuff  prices,  commitments,  and  availabilities  [2],  and  daily 
feedstuff  receipts  [3].   These  data  on  the  inventory  of  feedstuffs 
available  for  production  are  utilized  by  the  OCS  [5]  to  calculate  the 
optimum  plan  for  the  daily  7Vproauc t ion  run.   The  plan  is  summarized 
as  production  and  formulation  reports  [6]  which  are  used  in  making 
the  daily  production  run  [7].   After  completing  the  production  run,  the 
feedstuff  inventory  is  reexamined  [8],  and  any  production  not  completed 
is  reported[9] .   The  produced  feed  flows  out  of  the  system  as  sales 
[10]  . 


Procurement  planning. 

Given  a  s  a 

les  forecast  report  [13] 

derived 

from  a  sales  forecast  mode 

1  [12]  whic 

h  uses  a  history  of  dail 

y  sales 

data  [11]  and  given  feedstuff  prices, 

commitments,  and  availa 

bilities 

[2]  for  a  future  production  period  of 

interest , 

one  can  cal cu 

late  the 

optimum  plan  for  the  perio 

d  using  the 

OCS [14] . 

By  combining 

the  fore 

cast  of  feedstuffs  volume 

needed  for 

the  period 

[ 15 ]  with  the 

minimum 

inventory  needed[16] ,  one 

can  calculate  an  ordering  schedule 

of  f  eed- 

stuff  requirements  [17]  . 

Finally,  a 

history  of 

service  time 

and 

running  inventories  by  fee 

dstuf f [18] 

is  used  as 

input  to  an  inventory 

control  model  [19].   The  f 

eedstuff-fl 

ows  problem  is  evaluated 

in  the 

model  in  such  a  manner  as 

to  minimi  ze 

the  total 

cost  of  stockouts 

plus  inventories. 

It  is,  of  course,  necessary  to  integrate  the  information  reports 
with  either  an  existing  or  redesigned  organizational  structure  to 


]_/    The  term  "daily"  may  mean  just  that,  or  it  may  be  interpreted  as 
semidaily,  weekly,  or  any  other  interval,  depending  on  the  feasibility 
and  administrative  practicality  of  reformulating  for  production 
purposes.   For  a  discussion  of  reformulation  frequency,  see  Hayes  (_6_)  . 
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obtain  proper  feedback  for  control  purposes  at  the  vital  decision 
points.   The  resulting  integration  is  likely  to  vary  extensively  owing 
to  the  diverse  organizational  structures  that  exist  among  commercial 
feed  f  irms . 
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More  importantly,  the  OCS  may  be  used  s 
timing  of  the  feedstuff  contract(s) ,  which  o 
contract(s).   If  feedstuffs  for  contracted  p 
losses  from  violent  market  swings  have  been 
basis  losses);  however,  the  potential  for  im 
margin  on  the  products  has  no  t  been  eliminat 
price  relationships  among  feedstuffs  are  con 
occasionally,  it  should  be  possible  to  make 
contracts.   The  contracts  can  be  either  for 
the  same  feedstuff  or  futures  in  a  different 
substituted  in  the  feed  mix  to  produce  the  o 
product  more  economically.   In  making  offset 
problem  is  in  having  the  ability  to  interpre 
relationships  among  feedstuffs.   This  is  no 
OCS  is  available.   Given  existing  feedstuff 
other  available  feedstuffs  for  a  period  of  i 
tive  and  commission  costs  involved  with  chan 
the  OCS  may  be  used  readily  to  determine  sup 
tions ,  if  in  fact  they  exist.   The  fundament 
curement  department  is  then  reduced  to  timin 
OCS  has  detected  a  favorable  movement  in  a  p 
feedstuffs,  the  question  is  whether  the  spre 
desirable  or  whether  now  is  the  time  to  "loc 
Unfortunately,  the  OCS  does  not  answer  this 
procurer  does  decide  to  take  advantage  of  a 
the  OCS  is  able  to  determine  the  extent  of  a 
quantity.   Heretofore,  the  answer  was  determ 
methods  such  as  "judgment"  and  "experience" 
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SALES-FORECASTING  SUBSYSTEM 


The  primary  function  of  the  forecasting  subsystem  is  to  generate 
acceptable  s ales -for ecas t  input  data  for  the  OCS.   The  importance  of 
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sales  are  uncertain  and  thus  not  capable  of 
longer  be  acceptable  to  the  executive.   In 
le  averages  of  past  sales  have  generally 
s.   Often  hidden  among  the  seemingly  random 

trends,  seasonal  factors,  and  longrun  or 
sition  of  this  time-series  data  to  identify 
ts  has  proven  to  be  rewarding.   Numerous 

have  been  developed  (1_)  ,  and  a  multiple- 
ing  model  has  proven  especially  desirable  in 
on  having  many  characteristics  of  sales 
rcial  feed  manuf ac tur ing  .  8 / 


Computer  Orientation 

The  assumption  is  made  that  a  computer-oriented  forecast  model 
will  be  the  prime  generator  of  forecasts.   Computerized  forecasts  may 
not  always  be  more  accurate  than  human  predictions;  however,  they  can 
be  obtained  so  much  faster  and  so  much  more  cheaply  that  sacrificing 
some  accuracy  if  necessary  may  be  advantageous.   More  frequently,  the 
computerized  forecasts   are  significantly  more  accurate  than  the 
human  predictions. 

Forecast  Data 

Source 

In  determining  data  sources,  the  prime  problems  are  availability 
and  applicability:   V'hat  data  are  available  for  use  in  forecasting  the 
variable  of  interest,  and  which  data  bear  the  most  relationship  to  it? 

The  cooperating  firm  in  this  study  used  retail-sales  data  to 
forecast  production  needs.   This  type  of  data  is  readily  available  from 
accounting  records.   Data  applicability  is  predicated  on  the  assumption 
that  (1)  finished-product  inventory  is  negligible  and/or  (2)  there  is 
a  constant  flow  of  finished  product  to  and  from  inventory. 


8/  For  a  detailed  evaluation  of  the  forecasting  model  used  in  the  OCS, 
see   ch.   II  of  Swackhamer  (13). 
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Sampling  Interval 

The  sampling  interval  is  the  time  that  elapses  between  an  obser- 
vation of  the  variable  of  interest  at  time  t  and  another  observation 
at  time  t  +  1.   Cost  primarily  determines  the  optimum-sampling 
interval.   There  is  a  decreasing  cost  associated  with  more  infrequent 
taking  of  observations  and  calculating  of  a  forecast,  but  there  is  a 
simultaneously  increasing  cost  associated  with  the  increasing  insensi- 
tivity  of  the  forecast  model  to  discern  change.   The  optimum-sampling 
interval  is  sufficiently  long  so  that  the  forecast  can  be  interpreted 
by  management,  and  administrative  action  can  be  taken  before  the  next 
observation  in  the  series. 


Little  work  has  been  done  to  determine  the  true 
f or ecas t ing-cos t  curve  for  commercial  feed  manufactur 
can  make  some  inductions  as  to  the  relative  shape  of 
primarily  for  accounting  reasons,  most  data  of  intere 
are  summarized  weekly.   One  would  hypothesize  that  th 
administrative  cost  of  producing  semiweekly  or  even  d 
would  be  quite  high  in  comparison  with  the  weekly  ace 
Second,  the  sampling  interval  should  be  sufficiently 
shortrun  changes  in  sales  caused  by  changes  in  such  v 
weather,  holidays,  animal  marketings,  and  planting  an 
pressures.   A  2-week  or  longer  sampling  interval  is  j 
sufficiently  short  to  interpret  the  changes  caused  by 
phenomena.   Thus,  by  process  of  elimination,  a  1-week 
for  sales  data  is  a  good  choice. 
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Characteristics 

One  of  the  easiest  ways  to  become  thoroughly  familiar  with  the 
characteristics  of  the  data  is  to  plot  them.   In  doing  this,  the 
plotter  inevitably  starts  to  forecast  the  next  point  on  the  graph, 
which  results  in  at  least  a  cursory  analysis  of  the  characteristics  of 
the  data.   This  can  give  a  much  better  appreciation  for  the  type  of 
forecasting  model  that  may  be  most  appropriate.   The  cooperating  firm 
in  this  study  manufactures   a  complete  line  of  products  having  obvious 
differences  in  characteristics,  so  it  was  necessary  to  plot  a 
sufficient  number  of  products  to  discern  these  differences. 

The  Model 

Having  become  familiar  with  the  sales  -  for ecas t ing  subsystem  in 
general  and  the  data  in  particular,  the  manager  can  establish  some 
criteria  to  be  used  in  choosing  an  appropriate  forecast  model.   First, 
it  must  be  sufficiently  accurate  in  forecasting  to  allow  management 
to  make  desirable  decisions.   Second,  it  must  be  capable  of  generating 
multiple-product  forecasts  without  unreasonable  computational  expense  or 
time  requirements.   Third,  input-data  requirements  should  be  simple, 
preferably  to  the  point  of  using  existing  data. 

The  aforementioned  multiple-factor  exponential-smoothing  model 
meets  all  of  the  above  criteria  for  a  good  nonpredictive-type  forecast 
model.   The  only  input  to  this  forecasting  model  is  the  past  history 
of  sales  of  the  product  to  be  forecast,  and  not,  for  example,  such 
information  as  current  activities  in  the  market,  the  industry,  and 


14 


the  economy;  sales  of  competing  and  complimentary  products;  price 
changes;  and  advertising  campaigns.   The  model  can  be  expressed  as  a 
computer  program  which  is  economical  and  simple  to  process.  9_/ 


Forecasting  Selected  Products 
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As  for  the  number  of  sets  of  coefficients  to  be  evaluated,  the 
question  is  entirely  one  of  economics  --the  cost  of  evaluating  more 
sets  versus  the  cost  of  loss  of  accuracy  in  forecasts  due  to  the 
selection  of  a  less  than  optimum  set  because  of  an  insufficient  number 
being  evaluated.   The  computer  program  of  the  forecasting  model  is 
quite  efficient,  so  certainly  all  possible  combinations  of  coefficients 
that  may  conceivably  be  chosen  in  a  forecasting  situation  should  be 
evaluated.   Thirty  sets  of  coefficients  were  used  in  this  study.  1_0/ 


Table  1  — Assigned  weights  using  an  exponential-smoothing  coefficient 

of  0.3" 


Observation  period 


Weight 


Current  observation  

Observation  1-period  old 
Observation  2-periods  old 
Observation  3-periods  old 
Observation  4-periods  old 
Total  


0.  3 
0.  21 
0.147 
0.  103 
0.072 
0.  832 


9_/    For  a  derivation  of  the  multiple-factor  exponential-smoothing  model, 
see  Winters  (1_5)  • 

10/  Loaded  on  the  Purdue  University  CDC  6500  computer  (MACE  operating 
system,  September  1969)  ,  the  program  evaluates  30  sets  of  coefficients 
and  144  observations  in  approximately  15  seconds,  or  one-half  second 
per  coefficient  set  evaluated. 
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Results 

Using  the  parameters  noted  above,  the  cooperating  firm  made 
forecasts  for  its  total  array  of  products  manufactured.   The  average 
error  between  forecasted  and  actual  sales  for  all  products  was 
calculated  for  3  randomly  chosen  weeks,  and  the  aggregate  error  for  the 
first,  second,  third,  and  fourth  week  forecast  was  16.7,  19.3,  21.6, 
and  24.7  percent,  respectively. 

From  the  standpoint  of  error  within  the  OCS,  the  above  errors  are 
overstated.   The  forecasted  sales  are  used  within  the  OCS  to  generate 
feedstuff  buy  guides.   Thus,  the  error  of  interest  is  the  difference 
between  the  feedstuffs  volumes  forecasted  as  needed  and  those  actually 
needed  for  the  period.   To  the  extent  that  sales  of  one  product  are 
overforecast  and  sales  of  another  product  are  under for ecas t ,  the  errors 
are  compensating  as  far  as  feedstuff  needs,  if  the  feedstuffs  used  in 
manufacturing  both  products  are  similar.   The  magnitude  of  this  com- 
pensating error  is  difficult  to  calculate  because  the  firm  would  have 
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PROFIT-PLANNING  SUBSYSTEM 

Compaction 

Figure  5  is  a  macropicture  of  a  block-diagonal  LP  model  of  a  feed 
manufacturing  system.   As  previously  noted,  the  model  becomes  extremely 
large  in  terms  of  number  of  rows  if  the  firm  manufactures  an  appreciable 
number  of  products.   Therefore,  to  have  a  practical  model,  from  the 
standpoint  of  both  software  constraints  and  economic  processing,  the 
model  was  compacted  using  the  following  logic.   Consider  for  a  moment 
using  an  individual-product  formulation  model  to  determine  the  optimum 
ration  for  just  one  product.   The  conventional  mathematical  statement 
of  the  model  is  as  follows: 


Minimi  ze 
Sub  j  ec  t  to 


C.X.  +  C0X0+. . .+C  X 
11     11  n  n 


a   X   +  a  9X„+. ,+a.  X   =  b_ 
111      122       Inn     1 


a21Xl 


a  „X„  + . . .+a0  X   =  b„ 
22  2         2n  n     2 


a  ,X,  +  a  nXn  +. .+  a   X     b 
ml  1     m/  2         mn  n  =   m 


x  >  o,x2  > 


.x  >  o 


where 


X.  =  feedstuff  i 
1 

C.  =  cost  of  one  unit  of  X. 

3  1 

b.  =  amount  of  the  i  th   characteristic  allowed 
m  the  pr oduc  t 

a.  .=  amount  of  the  i  th  characteristic  that  one 
unit  of  feedstuff  j  contributes  to  the 
product  . 


The  constraints  are  nutrient  and  feedstuff  levels  that  any  particular 
product  must  possess  (that  is,  "tag  specifications") .   If  a  particular 


ration  X  o  ,  X„  o  ,  . 


X  o  satisfies  all  product  specifications  and 
n  r 


+  ...+  C  °X  ° 
n   n 


<C1°X1  +  C2°X2  + 


+  C   X 
n   n 


for  all  possible  rations  X  ,  X„...X   satisfying  the  product  specif ica- 


18 


MACROPICTURE  OF  LP  MODEL  FOR  A  COMMERCIAL  FEED  FIRM 
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Figure  5 
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tions,  then  X   ,  X_  X    is  the  optimal  ration  to  be  used  in 

l      z         n 

manufacturing  the  product  when  experiencing  the  feedstuff  cost  set  C  °, 


2  ' 


Thus,  for  any  feedstuff  cost  set  C   ,  C   ,...C    there 
k   „  k      _  k     ,  . ,    _k„  k  .  _  k__nk 


will  exist  a  ration  X   ,  X9k,...,X    such  that  C.KX,k  +  C  kX  k  +...+C 
L-i       v  i  ^  1.       }.  Z       Z  n 

X  ■  <C   X  +C   X   +...C   X   for  all  possible  rations  X, ,  X„,...X 
iixxzznn  l.  Z  tl 

satisfying  the  product  specifications.   Call  the  set  of  all  possible 

rat  ions  L .   Then , 


1  =  1    1    1  ,..  . ,1  ,1 

1     Z     j         p    p+1 

where   1   =  X,  ,  X„ .  .  .  ,X 

1    z        n 

2     2        2 
1  0    x  _ ,  X  „ , .  .  .  x 
z      „  i    „  z       _  n 

i3  =  x  1,  x  2,. . .x  n 


=  X 


p+1 

Sub  i  ec  t  to 


p   X  p     Y 
1'  X  2,' '-X 

dl1l'  d21'^' 
+  d. 


.d  1 

P  P 
+  d 
P 


=  1 


The  1 


p  +  1 


1  '  "2 

member  of  the  set  L  is  actually  another  set  of  infinite  size 


containing  all  the  linear  combinations  of  1  ,  1„,  and  so  on  through  1 

k    P 
Given  the  set  L,  an  alternate  method  of  minimizing  the  cost  of  C   X   + 

k  k 

C„  X„  +. . ,+C   X   is  to  search  L  for  the  ration  1,  which  does  iust  that. 

22nn  kkkkk 

Since    the    set    L    contains    all    possible    rations,     again    C       X         +    C       X         + 

...+  Ck  Xk   <  CknX,  +  Ck0X„  +...+  Ck  X   for  all  possible  rations  Xn  , 
n   n  —    11       22  nn  r  1  ' 


X 


X 


satisfying  the  product  specifications.   The  structurinj 


2'  '  "   '   n 

of  an  LP  model  so  that  a  search  is  conducted  among  rations  within 
the  set  L  to  choose  the  optimal  ration  for  each  product  results  in  a 
significant  reduction  in  the  number  of  equations  in  the  model  compared 
with  the  number  in  the  conventional  block-diagonal  model.   The  formula- 
tion-control section  of  the  restructured  LP  model,  hereafter  called 
the  compacted-matrix  model,  is  shown  in  figure  6.   The  columns  within 
each  small  block  represent  different  rations  (called  variations) ,  any 
one  of  which  may  be  used  to  manufacture  the  product.   Feedstuffs  are 
transferred  through  the  variations  as  a  feedstuff  supply  row,  and 
the  levels  of  the  column  variations  in  solution  are  accumulated  and 
transferred  through  the  variations  as  a  feedstuff  supply  row,  and 
the  levels  of  the  column  variations  in  solution  are  accumulated  and 
transferred  on  a  sales-demand  row.   The  number  of  rows  in  the  compacted 
matrix  is  equivalent  to  the  number  of  feedstuffs  used  by  the  firm  in 
formulating  rations.   Fifty  is  a  typical  number  of  feedstuffs  used  in 
a  commercial  firm.   Consequently,  by  using  the  compacted  matrix,  the 
row  size  for  the  formulation-control  section  has  been  reduced  from 
the  1,200  rows  noted  in  the  introduction  of  this  report  to  50. 


Two  simplified  planning  models  were  designed,  one  structured 
according  to  the  compacted-matrix  technique  in  the  formulation-control 
section(fig.  6)  and  the  other  structured  according  to  the  block- 
diagonal  formulation-control  section(fig.  5).   Detailed  schematics  of 
the  test  models  are  contained  in  appendix  A. 
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Table  2  --B r o i 1 er- f inisher  rations  generated  for  empirical  test 


Feedstuff 


Corn 


Poultry 
bypr oduc  t  s 

Feather 
meal  41 ...  , 


Mo  lasses, 
cane 


Alfalfa 
meal  17. 


Wh  ey 


Soybean  meal 
50 


Corn  gluten 
meal  41  ...  . 


Blood  meal . 

Fish  meal  . 

Wheat  mid- 
dlings   


Animal  fat 

Salt 

Vi  t amin  A .  . 

Dical.  phos 

Mineral  mix 

Total  cost 
per  t  on 
(Dollars) . . 


Oct 


Nov  . 


Dec 


J  an 


Feb  . 


Mar 


Apr  . 


May 


June 


July 


Lb.  feeds  tuff / lb .  of  ration  1/ 

.2846  .2664   .2859  .2859  .2C90  .2086   .2086   .2086   .2309  .2086 

.0447  .0087   .0170  .0170  .0418  .0419   .0419   .04.19  .0485  .0419 

.0151  .0151.  .0151  .0151  .0151  .0151   .0151   .0151   .0151  .0151 

.0500  .0500   .0500  .0500  .0500  .0500   .0500   .0500   .0500  .0500 

.0045  .0033   .0140  .0140  .0001  .0001   .0001   .0001   .0001  .0001 

.0933  .1009   .1211  .1211  .1059  .1058   .1058   .1058   .1076  .1058 

.0155  .0645   .1796  .1796  .1347  .1345   .1345   .1345   .0465  .1345 

.0053  .0183   .1239  .1239  .1201  .1201   .1201   .1201   .1395  .1201 

0  0       0000       0       0         .0346  0 

.0750  .0750  0000       0       0       0       0 

.3948  .3913   .1299  .1299  .3089  .3095 

.0100  .0100   .0100  .0100  .0100  .0100 

.0040  .0040   .0040  .0040  .0040  .0040 

.0015  .0015   .0015  .0015  .0015  .0015 

0  .0046   .0150  .0150  .0126  .0126 

.0015  .0015   .0015  .0015  .0015  .0015 


3095 

.3095 

.  3140 

.3095 

0100 

.0100 

.0100 

.0100 

0040 

.0040 

.0040 

.0040 

0015 

.0015 

.0015 

.0015 

0126 

.0126 

.0114 

.0126 

0015 

.0015 

.0015 

.0015 

60.97       62.64       65.55    66.54    67.33    63.10       65.30       62.62       62.90    65.59 


1_/  The  sum  of  each  column  represents  1  pound  of  ration.   For  example,  the  "October" 
ration  contained  .28  pound  of  corn  (or  about  one-quarter  pound  of  corn)  . 


22 


Empirical  Tests 

Since  most  commercial  feed  firms  formulate  rations  using  an 
individual-product  formulation  model,  a  series  of  different  computer- 
generated  rations  for  manufacturing  each  product  is  presently  being 
produced.   The  question  of  whether  these  rations  may  be  used  to  form 
the  set  L  for  the  profit-planning  subsystem  must  be  answered  to 

implement  the  profit-planning  subsystem  using  the  compacted-matrix 
model.   Empirical  tests  were  designed  to  answer  this  question  and  to 
generate  cost-benefit  data  applicable  to  the  approach.   Five  products 
were  used  in  the  tests.   An  actual  series  of  feedstuff  prices  was  used 
in  generating  plans. 


The  products  manufactured  were  broiler  finish 
finisher,  dairy  20%,  and  hog  finisher;  the  product 
listed  in  appendix  table  1.  Twenty-five  feedstuff 
formulation  purposes.  The  nutrient  specifications 
stuffs  are  listed  in  appendix  table  2.  Monthly  se 
October  1968  through  July  1969  were  taken  from  fee 
shown  in  appendix  table  3.  The  monthly  feedstuff 
used  to  generate  one  least-cost  ration  per  month  p 
rations  comprised  the  set  L.  For  broiler  finisher 
rations  and  associated  costs  per  ton  are  shown  in 
steer  finisher,  dairy  20%,  and  hog  finisher,  the  m 
are  shown  in  table  3. 


er,     layer,     steer 

specifications    are 
s    were    available    for 

of     these    25    feed- 
ries    of    prices     from 
dstuffs    and    are 
price    series    were 
er    product.       These 
,     the    individual 
table    2.       For    layer, 
onthly    costs    per    ton 


Table    3    --Monthly    ration    costs    per    ton    of    layer,    steer-finisher,    diarv-20% 
and    hog-finisher    rations    generated    for    empirical    test 


Product 


Oct  . 


Nov  . 


Dec.     :    Jan.     :     Feb.     :    Mar.     :    Apr.     :    May       :     June     :    July 


Layer 

Steer    f  inisher 

Dairy    20% 

Hog  finisher  .. 


Dollars 

58.04   59.55   60.11   61.60   62.59   61.93  62.44  64.64  65.06  64.54 

37.72   38.96   43.13   41.81   42.75   42.05  40.54  40.89  40.11  39.73 

38.44   39.60   42.11   42.12   42.96   42.16  40.50  42.68  41.90  41.18 

46.58   48.53   50.39   50.57   51.32   48.26  50.08  49.54  49.64  50.10 


Results 


Structural  Comparisons 

A  comparison  of  the  structural  characteristics  of  the  two  models 
proves  interesting.   The  most  salient  structural  difference  is  that 
the  block-diagonal  model  contains  336  rows,  whereas  the  compacted- 
matrix  model  contains  only  79,  a  savings  of  77.5  percent.   This  is 
actually  an  understatement  of  the  percentage  savings  because  most 
commercially  oriented  models  would  contain  at  least  20  to  30  products, 
rather  than  just  five  products  as  in  the  test  models.   The  addition  of 
20  products  would  add  approximately  1,000  rows  to  the  block-diagonal 
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model  and  no  rows  to  the  compacted-matrix  model.  The  resultant  row 
savings  for  the  25-product  compacted-matrix  model  would  be  1,257,  a 
percentage  savings  of  94  percent. 

Under  most  circumstances,  the  block-diagonal  model  generates 
slightly  more  efficient  rations  than  the  compacted-matrix  model.   Why, 
then,  would  anyone  use  the  comna c t ed-mat r ix  model?   The  answer  is 
because  computer  hardware  (along  with  the  associated  LP  software)  is 
row-limiting.   The  block-diagonal  version  of  the  commercial  feed  firm's 
problem  is  likely  not  to  fit  on  many  computers,  especially  those 
typically  used  by  most  firms,  and,  therefore,  will  not  be  economically 
practical  to  process.   The  question  then  is  reduced  to  determining 
whether  the  compacted-matrix  model  or  individual  product-formulation 
model  better  emulates  the  block-diagonal  model. 


are 
Thes 
LP  p 
mat  r 
time 
rent 
a  s  e 
many 
and 
dif  f 
a  co 
mode 
comp 


The  c 
typi  ca 
e  comp 
rob lem 
ix  mod 

r  equi 
ing  a 
rvi  c  e 

feed 
hazard 
er  ent 
ns  erva 
Is  is 
acted- 


ompac t ed-mat r ix  model  can  be  processed  on  compu 
lly  used  by  most  feed  firms  to  process  their  ac 
uters  are  usually  of  sufficient  size  to  handle 
s,  which  is  more  than  sufficient  for  processing 
el.   Thus,  the  cost  of  processing  the  model  is 
red.   Compare  this  additional  cost  with  the  cos 
large  onsite   computer  or  establishing  communic 
bureau  (which  is  really  the  onlv  practical  alte 
firms)  to  process  a  block-diagonal  model.   It  i 
ous  to  quote  specific  cost  comparisons  because 
circumstances  surrounding  every  commercial  feed 
tive  difference  of  magnitude  for  processing  the 
on  the  order  of  $100  to  $1,000  per  week,  _1JL/  in 
matrix  mode  1 


ters  that 
counting  data. 
200-  to  300-row 

the  compacted- 
the  computer 
t  of  either 
ations  with 
rnative  for 
s  difficult 
of  the 

f  irm ,  but 

two  dif f  er ent 

favor  of  the 


Economic  Comparisons 


Th 
op  er a t  i 
for  the 
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the  pr a 
formula 
s  econd 
compac  t 
formula 
and  the 
us  ed  t  o 
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e  block-diago 
onal  plans  fo 
three  test  s 
the  two  mode 
cticality  of 
t ion  LP  model 
and  third  tes 
ed-ma t r ix  ver 
t ion  purpos  es 
n  a  more  comp 

compare  the 
ual- product  f 


nal  and  compacted-matrix  models  were  used  to  generate 
r  three  test  situations.   The  plans  were  compared 
ituations  to  illustrate  similarities  and  differences 
Is.   The  first  test  was  designed  primarily  to  test 
using  rations  generated  from  an  individual-product 

as  the  set  L  in  the  compacted-matrix  model.   The 
ts  were  designed  to  test  the  optimality  of  the 
sus  the  block-diagonal  model  in  allocating  for 

a  relatively  simple  set  of  feedstuff  commitments 
lex  set  of  commitments.  Also,  the  third  test  was 
efficiency  of  the  compacted-matrix  model  with  the 
ormulation  model. 


If  new  ration  variations  must  be  generated  and  placed  in  the  com- 
pacted-matrix model  every  time  a  slight  change  occurs  in  the  feedstuff 
prices,  the  individual-product  formulation  model  is  not  a  good  source 
of  these  variations.   Therefore,  procurement  plans  were  generated  for 


11 /  These  figures  are  based  on  current  technological  conditions 
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the  first  test,  using  the  compacted-matrix  model,  with  the  following 
conditions  present; 

(1)  Five  hundred  tons  of  each  of  the  five  products  were  manufac- 
tured for  each  of  6  months  (February- July )  for  each  of  the 
feedstuff  price  series  for  those  months  (appendix  table  3). 
Thus,  a  total  of  2,500  tons  of  product  was  manufactured  in 
each  six  runs . 

(2)  No  feedstuff  commitments  were  made,  thus  blocks  11-51  and 
14-51  were  not  utilized.   All  feedstuff  purchases  were  made 
via  the  current  market,  block  10-50. 

(3)  At  first,  all  ration  variations  generated  using  the  individual- 
product  formulation  model  prior  to  the  current  month's  feed- 
stuff price  series  were  allowed  in  the  set  L.   In  other  words, 
if  products  were  being  manufactured  using  the  feedstuff 

price  set  for  February,  individual  optimum-cost  rations 
generated  using  the  price  sets  for  October,  November,  December, 
and  January  were  allowed  in  the  set  L.   The  model  was  then 
systematically  resolved,  reducing  the  number  of  active 
variations,  dropping  the  oldest  first. 

If  the  compacted-matrix  model  can  generate  efficient  procurement 
plans  using  ration  variations  that  were  generated  using  price  sets 
that  are  at  least  1  month  old,  it  is  not  necessary  to  generate  a  new 
set  of  ration  variations  every  time  the  compacted-matrix  model  is 
processed . 

The  results  of  the  test  run  were  encouraging.   As  long  as  four  or 
more  of  the  most  recent  ration  variations  were  allowed  in  the  set  L, 
the  loss  in  efficiency  was  quite  modest.   The  average  loss  was  $205, 
or  approximately  8  cents  per  ton.   As  the  number  of  ration  variations 
was  reduced  further,  ration  costs  rose  rapidly.   Table  4  lists  the 
individual  losses  for  the  different  months  as  the  number  of  variations 
in  the  set  L  was  reduced.   Note  the  rapid  increase  in  losses  as  the 
number  of  variations  reduced  below  four.   The  average  loss  when  only 
the  ration  variation  formulated  in  the  price  set  prevailing  the 
preceding  month  was  allowed  was  $431,  or  approximately  17  cents  per  ton. 

Thus,  it  is  possible  to  use  the  individual-product  formulation 
model  to  generate  ration  variations  for  the  set  L.   Using  four  ration 
variations  that  are  a_t  least  1  month  old,  the  loss  x^/ould  be  only  8 
cents  per  ton  when  compared  with  the  block-diagonal  model.   When  this 
loss  is  balanced  against  the  additional  processing  cost  for  the  block- 
diagonal  model,  the  loss  would  be  negligible  or  probably  would  result 
in  a  net  savings  for  the  compacted-matrix  model. 

The  second  test  run  was  designed  to  evaluate  the  efficiency  of 
the  compacted-matrix  model  in  allocating,  for  formulation  purposes,  a 
rather  simple  set  of  commitments.   Note  that  the  loss  incurred  in  the 
first  test  using  the  compacted-matrix  model  is  due  entirely  to  the  lack 
of  the  most  up-to-date  ration  variations  in  the  set  L.   However,  if  the 
most  up-to-date  ration  variations  were  the  only  worry,  the  ration  vari- 
ations could  be  obtained  easily  bv  using  an  individual-product  formula- 
tion model.   What  is  of  true  concern  are  the  optimum  rations  when  con- 
sidering the  cost  and  volume  of  committed  feedstuffs  (and  more  generally, 
other  operational  constraints)  in  addition  to  the  prices  of  current 
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feedstuffs.   To  satisfv  this  concern,  procurement  plans  were  generated 
using  the  compacted-matrix  model  with  the  following  conditions  present* 

1.  Five  hundred  tons  of  each  of  the  five  products  were  manufac- 
tured for  each  of  6  months  (Feb ruary- July )  for  each  of  the 
feedstuff  price  series  for  those  months  (appendix  table  3), 
Thus,  a  total  of  2,500  tons  of  product  was  manufactured  in  each 
of  the  six  runs . 

2.  Six  hundred  tons  of  corn  at  $38  per  ton,  700  tons  of  yellow 
hominy  at  $42  per  ton,  and  200  tons  of  50-percent  soybean  meal 
at  $75  per  ton  were  committed  in  each  of  the  six  runs.   The 
deferment  cost  (block  14-51)  for  the  committed  feedstuffs  was 
15  cents  per  t on . 


Table  4  — Losses  resulting  from  use  of  the  compacted-matrix  model  with 
differing  numbers  of  variations  active  in  set  L  (test  !)_!/ 


Var iat  ions  2 / 


Losses  by  month 


Feb 


March  \    April  \    May 


June 


July 


Average 


1. 

2. 

3  . 

4  . 
5 
6. 

7  . 


182 
182 
182 
182 


801 
801 
569 
283 
208 


613 
495 
205 
196 
196 
196 


Dollars 
318      220 


108 
108 
108 
108 
108 
108 


220 
147 
147 
147 
147 
14  7 
147 


453 
350 
323 
323 
264 
264 
264 
264 
264 


431 
359 
256 
206 
185 
179 
173 

205 
264 


1_/  Minimum  of  1-month  lag  in  ration  variations.   Difference  in  cost  of 
producing  2,500  tons  of  feed  using  compacted-matrix  versus  using 
block-diagonal  model. 

2_/    Number  of  ration  variations  active  in  set  L  of  compacted-matrix 
model . 
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As  long  as  four  or  more  of  the  most  recent  ration  variations  were 
allowed  in  the  set  L,  the  loss  in  efficiency  was  again  quite  modest. 
The  average  loss  was  $253,  or  approximately  10  cents  per  ton.   As  the 
number  of  ration  variations  was  reduced  further,  ration  costs  rose 
rapidly.   Table  5  shows  the  individual  losses  for  the  different  months 
as  the  number  of  variations  in  the  set  L  was  reduced.   Again,  note  the 
rapid  increase  in  losses  as  the  number  of  variations  was  reduced  below 
four.   The  average  loss  when  only  the  ration  variation  formulated 
using  the  preceding  month's  price  set  was  allowed  was  $590,  or  approxi- 
mately 24  cents  per  ton. 

Table  5 — Losses  resulting  from  use  of  the  compacted-matrix 
model  with  differing  numbers  of  variations  active 
in  set  L  (test  2)  1/ 


Var ia t ions  2 / 


Losses  by  month 


Feb 


March 


April 


May 


June 


July 


Average 


175 
175 
175 
175 


565 
565 
346 
150 
150 


784 
666 
375 
367 
304 
304 


Dollars 
480      283 


269 
201 
201 
186 
186 
106 


203 
195 
142 
142 
129 
129 
129 


1,254 
648 

540 
483 
402 
402 
396 
345 
345 


590 
421 
305 
253 
237 
255 
210 
237 
345 


1_/  Minimum  of  1-month  lag  in  ration  variations.   Difference  in  cost  of 
producing  2,500  tons  of  feed  using  compacted-matrix  model  versus 
block-diagonal  model. 


2_/    Number  of  ration  variations  active  in  set  L  of  compacted-matrix 
mode  1 . 


As  mentioned  above,  the  third  test  was  designed  to  (1)  show  the 
relative  efficiency  of  the  compacted-matrix  model  as  compared  with 
the  block-diagonal  model  in  generating  procurement  plans  when  a 
relatively  more  complex  set  of  commitments  is  considered  than  in  the 
second  test  and  (2)  to  show  the  relative  efficiency  of  the  compacted- 
matrix  model  as  compared  with  the  individual-product  formulation 
model.   Procurement  plans  were  generated  using  the  compacted-matrix 
model  with  the  following  conditions  present: 

1.   Five  hundred  tons  of  each  of  the  five  products  were  manu- 
factured for  each  of  6  months  (Feb ruary- July )  for  each  of  the 
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feedstuff  price  series  for  those  months  (appendix  table  3). 
Thus,  a  total  of  2,500  tons  of  product  was  manufactured  in 
each  of  the  six  runs. 

2.  One  thousand  tons  of  corn  at  $24  per  ton,  100  tons  of  17-per- 
cent alfalfa  meal  at  $41  per  ton,  100  tons  of  50-percent 
soybean  meal  at  $81  per  ton,  and  300  tons  of  wheat  middlings 
at  $41.25  per  ton  were  committed  in  each  of  the  six  runs. 

The  deferment  cost  (block  14-51)  for  the  committed  feedstuffs 
was  $  5  per  ton . 

3.  All  ration  variations  generated  using  the  individual-product 
formulation  model,  including  a  set  generated  from  the  current 
month's  feedstuff  price  series,  were  allowed  in  the  set  L. 

The  ration  variations  generated  using  the  individual-product 
formulation  model  and  the  current  month's  feedstuff  price  series  were 
allowed  in  the  set  L  to  demonstrate  that  these  rations  may  not  be  the 
optimum  rations;  in  fact,  they  may  be  extremely  suboptimum.   If  this 
is  true,  use  of  the  individual-product  formulation  model  results  in 
the  use  of  suboptimum  rations  no  matter  how  recently  the  rations 
were  generated. 
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e  commitment  volume  represents  60  percent  of  the  total  volume  of 
uffs  needed  to  manufacture  the  2,500  tons  of  product.   The 
ments  are  representative  of  the  type  and  volume  of  commitments 
ny  judicious  buyer  would  probably  have  made  for  production  1 
eeks  hence.   The  commitments  represent  an  attempt  to  purchase 
e  portion  of  the  low-,  medium-,  and  high-protein  feedstuffs 
ed  for  manufacturing.   Since  the  period  for  which  manufacturing 
ing  planned  was  near,  there  would  have  been  little  time 
ing  to  cancel  any  commitments;  therefore,  the  cost  of  deferring, 
ing,  or  delaying  commitments  was  placed  at  $5  per  ton.   This 
ill  vary  from  firm  to  firm,  depending  on  storage  facilities, 
phical  location,  and  other  related  factors. 
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Proponents  of  the  individual-product  formulation  model  may  argue 
that  test  3  was  unfairly  structured  because  current  rather  than 
committed  prices  were  used  for  the  four  feedstuffs  for  which  commit- 
ments were  made.   It  would  be  revealing  to  generate  rations  using  the 
individual-product  formulation  model  and  committed  prices  for  the 
affected  feedstuffs,  because  current  prices  of  feedstuffs  would  not 
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Table  6 — Manufacturing  cost  and  comparative  losses  resulting  from  the 
use  of  different  test  models  to  generate  monthly  procurement 
plans  to  satisfy  test-3  requirements,  1969 


Month 


Block- 
diagonal 

model 


Compacted- 
mat  r  ix 
mode  1 


Individual-product 
f  ormula t  ion 
model 


February 


Mar  ch 
April 
May  . 


June 


July 


1/ 12 8,  737 

128,217 
127  ,245 
128,  737 
128,207 
128,667 


Dollars 
129,215 
2/(978) 


128,486 
(270) 

127  ,514 
(269) 

139,015 
(278) 

128,437 
(230) 

128  ,863 
(206) 


131,169 
(2  ,332) 

130,634 
(2,417) 

129,349 
(2,104) 

131,178 
(2,441) 

130,681 
(2,474) 

120,254 
(1,687) 


Average  cost 


Loss  per  ton 


128,302 


128,588 
(286) 

(11.5C) 


130,561 
(2,259) 

(90.5C) 


1/    Indicates  manufacturing  cost. 

_2/  Numbers  in  parentheses  indicate  comparative  losses 


be  taken  into  account  when  it  is  economically  desirable  to  use  a 
greater  quantity  of  a  feedstuff  than  is  committed.   The  optimum  mix 
of  committed  and  current  purchase  volumes  for  feedstuffs   is  not  known 
a  priori;  therefore,  the  optimum  weighted  prices  are  not  known. 
Since  these  factors  are  not  known,  the  compacted-matrix  -and  block- 
diagonal  models  are  much  more  efficient.   Output  from  these  models 
gives  the  optimum  mix  of  committed  and  current  purchase  volume  of 
feedstuffs  to  manufacture  a  desired  volume  of  product. 

Finally,  savings  resulting  from  the  use  of  the  compacted-matrix 
model,  rather  than  the  individual-product  formulation  model,  may  be 
greater  than  those  just  noted  for  at  least  two  reasons.   First,  only 
five  products  were  manufactured  rather  than  the  typical  20  to  40 
products.   As  the  number  of  products  in  a  model  increases,  the  total 
number  of  ration  variations  increases.   Thus,  the  possibility  increases 
that  particular  rations  may  be  present  that  more  efficiently  utilize 
any  particular  set  of  commitments  and  currently  available  feedstuffs. 
Second,  the  test  models  are  subsets  of  the  more  general  model  pictured 
for  a  commercial  feed  firm  (fig. 5).   The  potential  savings 
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from  more  efficient  use 

d  in  these  savings 


resulting 

labor,  and  capital  have 


of  such  resources 
not  been  included 


as  facilities 


IMPLEMENTATION 


Static  Considerations 

The  physical  flow  of  feedstuffs  through  a  commercial  feed  mill 
and  the  physical  restrictions  which  affect  this  flow  are  pictured  in 
figure  7.   Since  major  costs  are  incurred  in  each  block  in  the 
figure,  the  primary  question  in  the  shorter  run  becomes  one  of 
balancing  these  costs  to  obtain  a  maximum  profit  per  delivered  unit 
of  product.   Although  the  arrows  indicate  the  proper  flow  of  the  feed- 
stuffs,  the  flow  of  influence  is  in  the  opposite  direction.   That  is, 
potential  sales  should  determine  finished-product  inventory  levels, 
production,  feedstuff  inventory  levels,  and  purchases.   This  flow 
of  influence  and  its  relationship  to  the  OCS  is  shown  in  figure  8. 

Assuming  potential  sales  as  given  for  a  moment,  management  may 
improve  profits  (or  decrease  losses)  through  improved  purchasing  of 
feedstuffs  and  manufacturing  and  distribution  of  products.   Since 
feedstuff  costs  are  typically  80  percent  or  more  of  total  product 
costs,  a  small  improvement  in  procurement  decisionmaking,  versus 
manufacturing  or  distribution  decisionmaking,  reflects  the  greatest 
percentage  decrease  in  total  product  costs.   It  is  therefore 
imperative  that  a  useful  OCS  for  the  commercial  feed  firm  give  specific 
guidelines  for  the  procurement  of  feedstuffs  in  such  a  mix  that  a 
minimum-cost  buy  results.   The  OCS  is  capable  of  giving  knowledge 
concerning  the  specific  recommendations  as  to  procurement  of  feedstuffs 
if,  in  addition  to  the  physical  restrictions  noted  in  figure  7,  data 
and  information   are  available  concerning  the  following: 

(1)  Product  specifications 

(2)  Prices  and  quantities  of  committed  and  inventoried 
feedstuffs 

(3)  Penalty  cost  for  deferment  or  disposal  of  committed 
feedstuffs . 

(4)  Prices  of  feedstuffs  available  for  immediate  delivery 

and  any  upper  limits  as  to  quantities  that  may  be  ordered 

(5)  Projected  product  sales  volumes  and  prices. 

If  these  input  data  are  available  for  the  period  to  be  analyzed 
and  if  manufacturing  and  administrative  restrictions  have  been 
described  correctly  in  the  OCS,  processing  the  OCS  with  this  data  is 
tantamount  to  manufacturing  products  for  the  period  of  interest.   To 
plan  for  the  specified  decision  period,  management  utilizes  several 
reports,  including  individual  summaries  of  feedstuff  consumption, 
commitment,  inventory,  and  product  sales. 
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Dynamic  Considerations 
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Table  7   --Illustrative  feedstuff  penalty-cost  report  _!/ 


Feedstuff 


Source 


Buy  price 


Penalty 
cost 


Cost 


Corn 

Tankage  

Cottonseed  meal  . 
Alfalfa  meal  17  .  .  . 
Soybean  meal  50  . 
Yeast,  brewers  . 
Wheat  middlings  . 
Citrus  pulp  


Rail 

Truck 

Rail 

Truck 

Rail 

Storage 

Rail 

Rail 


Dollars  per  ton 
40.00      6.00 


93.61 

36.00 

6.00 

19u. 70 

36.  25 

29  .48 


8.  89 
71.90 

5.60 
10.50 
18.10 

5.25 
21.92 


46.00 
102.  50 
71.90 
41  .  60 
86.  50 
216. 80 
41  .  50 
51.40 


JL/  Figures  are  for  illustration  only  and  bear  no  relationship  to  any 
part  of  the  study. 


Sensitivity  analysis  is  important  for  several  reasons.   One  is  that 
it  can  give  indications  as  to  the  stability  of  the  optimal  solution  when 
parameters  change.   For  example,  the  railroad  delivery  situation  may  be 
such  that  it  is  doubtful  whether  a  particular  feedstuff  will  be  available 
for  a  specified  period.   The  availability  of  this  feedstuff  can  be 
systematically  reduced  in  the  OCS,  and  the  effect  studied.   If  the  total 
profit  of  the  new  optimal  solution  differs  little  from  the  original 
solution,  management  may  want  to  institute  the  latter  generated  plan  to 
negate  the  possibility  of  having  to  change  manufacturing  plans  at  the 
last  minu t  e . 


12/  For  a  good  exposition,  see  Hillier  and  Lieberman,  Introduction  to 
Operations  Research,  San  Francisco:   Holden-Day,  1967,  p.  499. 
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The  OCS  can  also  generate  the  contribution  margin  for  each  product. 
The  contribution  margin  is  the  return  above  feedstuff  costs  that  will 
result  from  manufacturing  and  selling  one  more  unit  of  a  product  than 
is  called  for  in  the  present  forecast.   Through  sensitivity  analysis, 
it  is  possible  to  determine  the  range  of  volume  over  which  this  contri- 
bution margin  remains  the  same.   Information  concerning  the  contribu- 
tion to  profit  and  the  sensitivity  of  forecasted  product  prices  and 
volumes  is  illustrated  in  table  8. 

If  the  goal  of  the  firm  is  a  $20  manufacturing  margin,  then  the 
$38.53  margin  on  hog  f inisher  (t ab le  8) prompts  some  interesting  questions 
concerning  the  pricing  of  the  product.   If  the  $75  price  is  competitive, 
should  one  hold  the  price  line  and  reap  the  extra  margin  or  lower  the 
price  and  try  to  capture  additional  volume?   Columns  3  and  5  are  the 
lower  limit  and  upper  limit,  respectively,  to  which  the  sales  volume 
of  each  product  may  vary  without  causing  a  switch  in  the  optimum- 
formula  variation.   Note  that  the  upper  limit  on  steer  finisher  is  only 
35  tons  greater  than  forecasted  sales.   If  marketing  conditions  for 
steer  finisher  become  significantly  more  favorable,  a  reprocessing  of 
the  OCS  may  be  in  order. 

Another  interesting  question  that  occurs  when  analyzing  output 
from  an  OCS  is,  "What  is/are  the  int er relationship ( s )  causing  a  penalty- 
cost  or  volume  range  to  be  the  value  it  is?"   Nelson  (9_)  has  extracted 
more  dynamic  implications  from  the  static  LP  model  by  asking  questions 
similar  to  the  one  above.   The  forecast  of  sales  traditionally  has 
been  inserted  into  an  OCS  at  a  specified  level  —  lower  and  upper  limits 
in  addition  to  equality  limits.   With  this  type  of  model,  the  interpre- 
tation of  output  changes  significantly.   For  example,  in  table  3  the 
contribution  margin  is  the  return  above  feedstuff  costs  that  will  result 
from  manufacturing  and  selling  one  more  unit  of  a  product  than  was 
called  for  in  the  present  forecast  given  to  the  OCS.   With  the  possi- 
bility that  sales  may  vary,  the  interpretation  of  the  contribution  margin 
becomes  even  more  subtle.   Rather  than  the  contribution  margin  repre- 

Tab le 8--I llus t rati ve  projected  product  price  and  sales  report 


Product 


Pr o j  ec t ed 

price 


Proj  ected 
sales 


Contribution 


Margins 


Lower 
limit 


Upper 
limi  t 


Broiler  finisher 

Layer  

Steer  finisher  . 
Dairy  20%  .   .   . 
Hoe  f  inisher  . 


Pols . /ton 
82.00 
80.00 
60.00 
60.00 
75.  00 


Tons 

500 

500 

500 

500 

500 


Pols  .  /ton 
20.  70 
19  .32 
20.90 
18.97 
38.  53 


Tons 

0 
218 

0 

307 

15 


Tons 

592 

710 

535 

963 

633 
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Conculsion 

Utilizing  the  OCS,  rather  than  an  efficient  single-product  formula- 
tion  model,  the  cooperating  firm  was  able  to  reduce  its  manufactured 
costs  per  ton  of  product  approximately  84  cents.   This  type  of  savings 
resulted  not  simply  from  blind  use  of  information  provided  by  the  OCS 
but  from  imaginative  use  of  information  by  the  management  of  the 
cooperating  firm  and  from  the  dynamic  implications  of  the  static  model. 
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Appendix  A.   Schematics  of  Empirical  Test  Models 

Schematic  representations  of  the  block-diagonal  and  compacted- 
matrix  models  are  given  in  figures  A-l  and  A-2.   The  following  sections 
were  included  in  the  models: 

(1)  Current  market  purchase  of  feedstuffs 

(2)  Current  market  availability  of  feedstuffs 

(3)  Use  or  deferment  of  committed  feedstuffs 

(4)  Feedstuff  purchase-product  formulation  balance 

(5)  Product  formulation  (using  block-diagonal  or  compacted- 
matrix  model  construction) 

(6)  Product  formulation-sales  balance 

(7)  Product  sales  control. 

Blocks  10-50,  13-50,  11-51,  and  14-51  represent  the  potential 
supplies  of  feedstuffs.   The  blocks  are  identical  in  both  models. 
Current  market  purchases  of  feedstuffs  are  available  through  block 
10-50.   If  quantities  of  feedstuffs  greater  than  availabilities 
(a,-n)  are  required,  special  purchases  at  a  premium  price  are  available 


through  block   13-50 


Committed  feedstuffs  (a   )  are  available  through 


block   11-51.   Commitments  may  be  deferred  or  disposed  through  block 

1 A -  5 1  .   Blocks  10-52  and  11-52  represent  transfer  of  feedstuffs  to 

the  formulation  section  of  the  model.   The  blocks  are  identical  in 
bo  th  models . 

Block   12-52  in  the  block-diagonal  model  represents  transfer  of 

feedstuffs  to  the  formulation  of  individual  products.   Blocks  12-53, 

12-54,  12-55,  12-56,  and  12-57  represent  the  nutrient  analyses  of 

the  feedstuffs  which  are  appropriate  for  each  of  the  five  products. 

Blocks  SPEC1-53,  SPEC2-54,  SPEC3-55,  SPEC4-56,  and  SPEC5-57  represent 

the  product  specifications  for  each  of  the  five  products.   Blocks 

12-58,  SPEC1-58,  SPEC2-58,  SPEC3-58,  SPEC4-58,  SPEC5-58,  and  SPEC-SALES 

represent  a  transfer  of  products  from  formulation  to  product  sales 

(a   .   )  . 
sales 

Block   12-52  in  the  compacted-matrix  model  represents  the  set  L 

of  different  rations  (variations)  which  may  be  used  to  manufacture 

the  five  products.   Block  12-SALES  represents  a  transfer  of  products 

from  formulation  to  sales  (a   ,   ) . 

sales 
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